Early evidence suggests that checklists are one way of ensuring required processes of care are delivered to intensive care unit patients. Evidence to date however, has not explicitly detailed methods of checklist validation in these settings. This study aimed to test the validity of a 'process-of-care' checklist for measuring and ensuring daily care delivery in an intensive care unit. A retrospective audit of a random selection of patient medical records was undertaken to compare with checklist data completed during the same time frame. Documentation in the patients' medical records was used as a proxy measure for actual completion of care. A specific audit tool extracted information from both the checklist and the medical record on the following processes of care: nutrition, weaning from ventilation, pain, glucose control, sit out of bed, bowel management, deep vein thrombosis and stress ulcer prophylaxis. These two data sources were compared using the Spearman's rho correlation coefficient. The two forms of documentation were significantly correlated (P=0.01) for all but one of the checklist items (pain). Findings provided support for the concurrent validity of an intensive care unit process-of-care checklist. Further research is required for checklist validity and reliability testing prior to, or in conjunction with, a planned prospective intervention study.
The need for comprehensive and effective methods to ensure the delivery of required processes of care to intensive care unit (ICU) patients has been identified internationally [1] [2] [3] . In response, various tools such as checklists have been implemented, but many without empirical testing. With an increased use of checklists in clinical settings 1 , the need for rigorous validation processes has been emphasised 4, 5 . Appropriate methods for evaluating the validity of checklists have not however, been detailed in these or subsequent publications.
To date, few studies have reported formal validity testing of checklists in clinical settings [6] [7] [8] [9] . Three studies conducted real-time audits: a neonatal ICU using randomly selected checklists during and after morning work rounds 6 ; a simulated environment using an electronic checklist for both audit and clinician use during preparations for non-emergency caesarean delivery under general anaesthesia 7 ; and internal medicine ward rounds using a checklist to assess trainees' competence 9 . A fourth study piloted implementation of a daily rounding form in 13 adult ICUs 8 . Three of these studies focused on validity of content development for the checklist tool, obtaining 'face' validity (evidence of the checklist content) with clinicians used as experts [6] [7] [8] .
Only one study 9 reported validity evidence based on relationships between variables comparing checklist item scores between groups of physicians, checklist item scores with overall performance scores, and observer and bedside nurse performance scores. There is currently little evidence however, to suggest that a process-of-care checklist leads to the actual delivery of care (its intended purpose). No studies described the characteristics of their sample, therefore generalisability of these results to other inpatient settings is also unknown.
Concurrent validity can be defined as the extent to which scores obtained with a measure correlate with scores from another measure of the same construct 10, 11 . Testing the criterion-related concurrent validity of the process-of-care checklist would involve evaluating whether checklist completion corresponded with an independent measure of care delivery. In line with contemporary measurement theory in health research 10, 16 , significant associations between two measures that were collected during the same time period would provide some evidence supporting the notion that use of the checklist corresponded with delivery of care and is therefore fit for its intended purpose.
After demonstrating both the utility of a paperbased process-of-care checklist in an ICU pilot study 17 and a need for improvement in delivering identified processes of care 18 , the next logical step in this program of research was to conduct a preliminary examination of criterion-related concurrent validity of the paper-based checklist prior to developing, implementing and evaluating an electronic processof-care checklist for use on morning ward rounds in the ICU. While the pilot study served as initial proof of concept for the checklist as both a measurement tool and a reminder to consider certain cares during the morning ward rounds, whether the use of the checklist corresponded with actual care delivered in the ICU during the same time period required further evaluation. As data were available on the processes of care identified from the literature 1 , the next step was to obtain retrospective data that reflected care delivered during the checklist pilot study.
The aim of this study was to test whether a processof-care checklist was a valid tool for the purpose of measuring and ensuring daily care delivery in an ICU-important for generating hypotheses for a larger prospective study that further evaluates the impact of such a checklist on care delivery over time.
The specific research questions were: what is the association between checklist responses and actual delivery of care; and what is the association between checklist responses that highlight abnormal findings and subsequent delivery of appropriate care?
MATERIAlS AND METHODS Design
As the paper-based checklist data had already been collected in a tertiary ICU, a retrospective audit was designed to examine the concurrent validity of the checklist, with responses to checklist statements compared with data extracted from patient medical records (legal documentation of patient care). Checklist statements were designed to reflect routine daily checks expected to be carried out daily by the medical team during the morning ward rounds. Documentation in a patient's medical record was used as a proxy measure for actual completion of care.
Sample
Following ethics approval by Sydney West Area Health Service (Nepean) Human Research Ethics Committee (approval number 06/046), a stratified random sample of records were selected from the 114 patients who received care during the 2004 pilot of the process-of-care checklist 17 , using the procedure outlined in Figure 1 . To ensure the sample was representative and typical of a general medical/ surgical ICU, cases were drawn from two groups of patients: those with short and long ICU lengthof-stay. As the median length-of-stay for all patients admitted to the ICU was three days, the sample was stratified by a short length-of-stay group of less than three days (length-of-stay range=1.0-2.8 days) and a long length-of-stay group of three or more days (length-of-stay range=3.9-75.0 days). A random sample of 30% for each group was generated using the 'select cases' method in SPSS (version 17, IBM SPSS Statistics, Chicago, Illinois, USA), totalling 23 ICU patient episodes (12 with a short length-of-stay and 11 with a long length-of-stay) selected for inclusion in the medical record audit. This sample size for a comprehensive medical record audit was deemed achievable given restraints on time and available resources. If initial analyses revealed the sample was not representative of the study population, further patient records would be randomly selected to improve generalisability.
Data collection instrument
To examine the level of agreement with the checklist, an audit tool was developed to extract information on the processes of care documented by the medical team for patients admitted during the pilot study period. Data fields reflected the checklist items that were reviewed daily by medical staff upon completion of each individual patient assessment during the morning ward rounds (Table 1) . Each data field recorded the number of days each care was ticked on the checklist, delivered according to the medical record, and clinically applicable at the time of the checklist completion (contraindications to cares were classified 'not applicable'). Dates for inclusion in the medical record audit corresponded to the checklist dates indicated for each patient.
Only items that were collected systematically and required documentation by medical staff were included in the audit. Some checklist items could not be consistently or reliably identified during retrospective review of medical records, particularly those related to checks by physicians that may not require action or documentation of action, such as head of bed elevation, responsiveness of sedated patients, review of antibiotics and microbiology reports, and were therefore excluded from analysis.
The checklist was used as a 'challenge and answer' tool on the morning ICU ward rounds, so the medical record audit examined the previous 24 hours for documentation of care (from 8 am to the commencement time of ward rounds). The audit also expanded on two aspects of care (blood sugar levels [BSl] and bowel management) to determine whether appropriate care was delivered to patients who were detected as being outside pre-defined limits (i.e. BSl was 10 mmol/l or above, non-defaecation in last 24 hours) according to the checklist. These items, which were aligned with unit policies at the time of the study, were compared with documentation in the medical record from 12 pm (after ward rounds) until 6 pm (when intensivists leave for the day).
Data management and analysis
Data from the audit tool data were matched to information obtained from the ICU database using medical record numbers and date of birth as patient identifiers. Demographic (gender, date of birth for calculation of age at checklist completion), clinical data (major diagnosis according to Acute Physiology and Chronic Health Evaluation III diagnostic code, total number of hours on mechanical ventilation) and other information on ICU and hospital stay (admission and discharge dates and times, ICU and hospital length-of-stay, type of admission, vital status on discharge from ICU) were entered into an SPSS database for analysis. Data quality checks including frequency distribution analysis to test for outliers and ensuring data ranges within defined limits were conducted prior to analysis.
Descriptive statistics were used for patient demographic data and the number of days each care was delivered (on the checklist and in the medical record). Tests for normality were conducted for continuous data. Non-normally distributed data were described using medians and interquartile ranges; normally distributed data were summarised using mean ± standard deviation. For the purposes of comparison, the number of 'applicable days' for each aspect of care was calculated (i.e. the total number of days the checklist was delivered minus the number of days the care was indicated as not applicable by medical staff completing the checklist). It was not possible to determine whether cares were applicable from the medical record, therefore 'not applicables' were excluded from further analysis. To examine the relationship between checklist and medical record audit data, correlation analyses were performed using Spearman's rho correlation coefficient because of the number of patient records reviewed.
RESUlTS
All patient demographic data, with the exception of age, were not normally distributed; this was similar to the overall study population. All checklist and medical record audit data also displayed nonnormal distributions. Patient demographics for the sample and the study population (i.e. matched patients who had an ICU length-of-stay of greater than one day) are outlined in Table 2 . The two groups were comparable, except for the proportions of mechanically ventilated patients and ICU deaths. This suggests the random sample generated was reasonably representative of the study population and therefore further sampling was not required. The sample demonstrated a moderate severity of illness range (Acute Physiology and Chronic Health Evaluation III: 41-80 points). The majority of patients (61%) were non-operative, with a wide spread of diagnoses (four cardiovascular, three neurological, two respiratory, two gastrointestinal, two metabolic and one sepsis). There was also a wide range of diagnoses for the postoperative patients: three gastrointestinal, two trauma, one cardiovascular, one respiratory, one genitourinary and one musculoskeletal/skin. These diagnoses were representative of the overall sample.
The median and interquartile ranges for the number of days each care item was delivered according to both the checklist and the medical record are shown in Table 3 , with the number of applicable days noted. In relation to the first research question, there were significant strong positive correlations for all care processes between responses on the checklist and medical record documentation, except for 'pain addressed'.
For the second research question, two measures (BSl, bowel management) were used to determine whether appropriate cares were delivered to patients for patients with abnormal findings (i.e. BSL was 10 mmol/l or above, non-defaecation in last 24 hours) according to the checklist. There was a strong correlation between the number of days the last recorded BSl was above 10 mmol/l with the checklist, and the days of treatment in the medical record (Spearman's rho=0.865, P=0.01). There was a moderate correlation between the number of days where bowels were not opened in the last 24 hours on the checklist and the number of days there was evidence of constipation management (Spearman's rho=0.654, P=0.01). There is therefore a significant association between checklist responses that highlight abnormal findings and consequent delivery of care for these two measures.
DISCUSSION

Major findings
The checklist data demonstrated significant strong correlations with the medical records for eight of the nine checklist items. The checklist (completed by medical staff as a 'challenge and answer' after individual patient assessments) therefore reflected actual practice delivery, as documented in the medical record (prior to checklist completion). This initial evidence provides some support for the concurrent, criterion-related evidence of the process-of-care checklist as a valid measure. Care processes with the highest correlations (>0.80)-nutrition, weaning off ventilation, deep vein thrombosis prophylaxis, stress ulcer prophylaxis, BSl recording and management, and bowel activity-may also have good 'face validity' with experts (i.e. ICU clinicians) with these cares generally well-accepted in ICU practice 1 . These practices have also received high profile attention 3, 19 , and some are linked to well-established local clinical policies [20] [21] [22] .
Pain management is also an important care process emphasised in both the literature and local policies.
The low correlation between the number of days of pain was addressed with the checklist and days of pain medication delivered was the only exception for the otherwise high correlations demonstrated in this study. It was clear from the lack of overlap in median and interquartile range ( Table 3) that pain medications were delivered more often than was being indicated on the checklist. There are a number of possible reasons for this finding. First, as there were likely to be fluctuations in patient pain throughout the course of the day, e.g. pain associated with routine ICU procedures 23, 24 , it is possible that patients did not require treatment for pain upon assessment during the morning ward rounds but did require active pain management later in the day.
Second, there may have been issues relating to the interpretation of the checklist item and how care is documented in the medical record. The checklist item stated, "If the patient was in pain, has it been addressed?". During the earlier pilot study data collection, there was no clear definition pertaining to what it meant for a patient to have their pain 'addressed'. It was assumed this would entail either the initiation of administration, continued administration or change to the administration of analgesic medications. However, it is unknown whether this was the way clinicians interpreted this item. Given these results, it is possible that clinicians interpreted 'addressing' pain to mean only one of these things, i.e. an alteration in existing pain treatment, which may be somewhat less frequent 24 . Finally, this was also dependent on the accuracy of the assessment process, which is often less than adequate in studies evaluating pain in critically ill patients 25, 26 .
The findings also suggest that the use of the checklist may lead to appropriate delivery of care. Significant positive correlations were evident for the 23 , and this may have contributed to the slightly lower correlation for this care component.
Study strengths
This study addresses some of the methodological limitations of previous studies and gaps in the validation of clinical checklists. First, sample characteristics were compared with the patient population, with the sample demonstrating good representation of the overall patient population initially studied. This provided support to the generalisability of the results from this sample to other patients in this particular ICU, and potentially others with similar patient and unit characteristics. Second, the positive and significant relationships between the checklist and the medical record data provided evidence in support of the checklist's concurrent, criterionrelated validity. It therefore appeared that what was indicated on the checklist reflected actual care delivery; the measure therefore fulfils its intended purpose. Third, this study also evaluated the relationship between checklist care items that required attention and the consequent delivery of care, revealing a significant positive relationship between the two. This suggests that when omissions are detected, they are consequently attended to-another intended purpose of the checklist.
Study limitations
There were methodological limitations related to the retrospective study design. Comparisons were made between data from two different sources with two different purposes, albeit with the same time periods on the same sample of patients. The checklist used by medical staff during the morning ICU ward rounds had two main functions: to serve as a prompt/reminder to regularly assess, and where required, deliver, certain aspects of care; and to collect data about whether certain aspects of care were delivered upon assessment. Medical records in contrast provide a documented record of a patient's hospital care and are usually completed by a diverse range of healthcare professionals.
The retrospective design also meant that exact reasons for any differences detected between the two data sources could not be determined. Since the medical record is a legal document that must be kept to a certain standard 24-26 , it was deemed a reasonable proxy measure as to whether care was actually delivered in this retrospective study design. Given the strong positive correlations between checklist responses and care documented in the medical record, it appears this proxy measure was appropriate for use in determining whether what staff said they did on the checklist was actually performed for several aspects of care.
limitations relating to measurement are also noted. Some of the differences detected may be attributed to the imprecise unit of measurement used (i.e. the number of days cares were delivered). This measurement was used as: the checklist was completed as a challenge and answer on the morning ward rounds, after patient assessment; and the exact timing of patient assessment and checklist use could not be determined during the retrospective review. Due to the nature of the data collected, it is likely that repeated measurements for the same patient over time had some impact on the correlation coefficients but this was not controlled for statistically in this study. This does not, however, invalidate the findings-the checklist was used daily to ensure cares were delivered each day and, if the checklist was being used as it was intended, a high correlation between checklist responses and care documented in the medical records would be expected (though unknown unless measured). Furthermore, not all the cares covered by the checklist were assessable in the medical record audit, highlighting the need for prospective research in this area.
Recommendations for research
Several issues were identified for consideration when designing future checklists for use in clinical settings. As some items cannot be verified from the medical records, content of a checklist needs to be measurable by some other means, with data collected concurrently. Greater rigour in content development is also required-checklist statements need to be clear and concise statements, used in conjunction with explicit definitions that are readily understood, unambiguous and interpreted consistently by ICU clinicians. Future studies also require detailed consideration of the local context, particularly with regards to work processes and procedures. Developing measurable checklist content will require the involvement of local ICU clinicians and/or other experts.
To build further evidence on the psychometric properties of a checklist, reliability and validity testing should be incorporated into a prospective research design that evaluates checklist use with a concurrent audit of practice. Incorporating greater rigour into measurement design, such as real-time data collection, more specific response options, and the ability to control for repeated measures on individual patients would enable greater accuracy and the ability to detect actual changes in clinical practice over time.
CONClUSION
This study revealed a strong and positive association between checklist responses provided by clinicians on the morning ward rounds and care delivered according to the medical record, and an association between checklist care items requiring attention and subsequent delivery of care. These findings provide support for the concurrent validity of a process-of-care checklist, particularly its use as a tool for ensuring the delivery of daily cares in an ICU. Further work is required to establish a body of evidence that supports the use of these checklists in ICUs-particularly checklist content development, and further evaluations of checklist validity and reliability in producing meaningful clinical outcome improvements.
